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An association between postoperative analgesic requirements in subjects who underwent orthognathic
surgery and the rs1465040 single-nucleotide polymorphism close to the transient receptor potential
subfamily C member 3 (TRPC3) gene was suggested by our previous genome-wide association study. To
verify this association, we analyzed the association between the rs1465040 SNP and analgesic re-
quirements, including opioid requirements, after open abdominal surgery. The association between the
rs1465040 SNP and postoperative analgesic requirements was conﬁrmed in the open abdominal surgery
group (P ¼ 0.036), suggesting that the TRPC3 SNP may contribute to predicting postoperative analgesic
requirements.
© 2015 Japanese Pharmacological Society. Production and hosting by Elsevier B.V. All rights reserved.Every year, 234.2 million major surgical procedures are per-
formed worldwide (1). These patients experience postoperative
pain that can lead to cardiovascular instability, abnormal respira-
tory function, and delayed recovery (2). Postoperative pain is
frequently controlled by opioids, although the analgesic efﬁcacy of
opioids is well known to vary widely among individuals. Individual
differences in opioid sensitivity often hamper effective pain man-
agement. Both genetic factors (3,4) and environmental factors are
involved in individual differences in opioid sensitivity.
Our previous genome-wide association study (GWAS) reported
that opioid sensitivity was strongly associated with a single-
nucleotide polymorphism (SNP) close to the CREB1 gene (5).
Several other SNPs were also selected as candidates that were
possibly associated with human opioid sensitivity and thus: þ81 3 6834 2390.
).
acological Society.
Production and hosting by Elseviepostoperative analgesic requirements. Three hundred ﬁfty-ﬁve
healthy patients were enrolled in the study (American Society of
Anesthesiologists Physical Status I [ASA PS I]; age, 15e52 years; 126
males and 229 females) and scheduled to undergo bilateral
mandibular sagittal split ramus osteotomy (BSSRO) for mandibular
prognathism at Tokyo Dental College Suidoubashi Hospital (TD
group; Table 1). General anesthesia was performed with fentanyl,
propofol, and vecuronium. Postoperative pain was managed with
fentanyl using intravenous patient-controlled analgesia (IV-PCA)
for 24 h postoperatively (6).
The candidate SNPs that were identiﬁed by the GWAS included
the rs1465040 SNP (C/T, minor allele frequency: T ¼ 0.250) close to
the transient receptor potential subfamily C member 3 (TRPC3)
gene. To analyze phenotypes, genotypes were divided into a TT and
TC group (TTþ TC) and CC group (CC) according to the minor allele.
For the rs1465040 SNP, the analgesic requirements of the subjects
in the TT þ TC group who underwent orthognathic surgery were
signiﬁcantly greater than in the CC group (ManneWhitney U-test,








TT þ TC CC
TD 23 15e52 125/230 355 179 176
ROA 63 28e80 60/51 111 63 48
TD and ROA group who underwent BSSRO for mandibular prognathism and major
open abdominal surgery for cancer, respectively.
Y. Aoki et al. / Journal of Pharmacological Sciences 127 (2015) 391e393392the TRPC3 gene region. TRPC3 has been associated with both hy-
pertension (7) and cerebellar ataxia (8) in humans. Furthermore,
TRPC3 has recently been proposed to be associatedwith nociceptive
(9) and neuropathic (10) pain in rodents. Thus, the present study
focused on the rs1465040 SNP.
To verify the association, we analyzed the association between
the rs1465040 SNP and postoperative analgesic requirements,
mainly including opioids, after open abdominal surgery. One hun-
dred eleven subjects were recruited in the additional analysis to
conﬁrm the association between this SNP and postoperative anal-
gesic requirements. These patients (ROA group) underwent major
open abdominal surgery at the Research Hospital, Institute of
Medical Science, The University of Tokyo, or Toho University Sakura
Medical Center (11,12). The analgesics that were administered
during the postoperative period are detailed in previous reports
(11,12). The amount of analgesics was converted to an equivalent
amount of fentanyl (11,12).
The TaqMan allelic discrimination assay was performed with a
LightCycler 480 (Roche Diagnostics, Basel, Switzerland), TaqManFig. 1. Association between the rs1465040 SNP (TT þ TC, n ¼ 179; CC, n ¼ 176) and
total 24-h postoperative analgesic (fentanyl) requirements in patients who underwent
BSSRO for mandibular prognathism. The data are expressed as box and whisker plots.
The upper and lower ends of the boxes represent the 75th and 25th percentiles,
respectively. Whiskers represent the 90th and 10th percentiles. The median is depicted
by a solid line in the box. ManneWhitney U-test, *P < 0.001.SNP Genotyping Assays (Life Technologies, Carlsbad, CA, USA) that
contained sequence-speciﬁc forward and reverse primers to
amplify the polymorphic sequence, and two probes labeled with
VIC and FAM dye to detect rs1465040 SNP alleles (Assay ID:
C___8833664_10). Real-time polymerase chain reaction was per-
formed in a ﬁnal volume of 10 ml that contained 2 LightCycler 480
Probes Master (Roche Diagnostics), 40  TaqMan Gene Expression
Assays, 5 ng genomic DNA as the template, and H2O. The thermal
conditions were the following: 95 C for 10 min, followed by 45
cycles of 95 C for 10 s and 60 C for 60 s, with ﬁnal cooling at 50 C
for 30 s. Afterward, endpoint ﬂuorescence was measured for each
sample well, and each genotype was determined based on the
presence or absence of each type of ﬂuorescence.
Associations between genotypes (TT þ TC and CC) and clinical
data were analyzed using the ManneWhitney U-test and SPSS 19.0
software (SPSS, Chicago, IL, USA). The threshold for statistical sig-
niﬁcance was P < 0.05.
The TT, TC, and CC genotype groups were composed of 6, 57, and
48 patients, respectively. The attributes of the patients are shown in
Table 1. The postoperative analgesic requirements of the subjects in
the TT þ TC group who underwent abdominal surgery were
signiﬁcantly greater than in the CC group (ManneWhitney U-test,
P ¼ 0.036; Fig. 2).
Almost all of the orthognathic patients in the TD group were
young (median age, 23 years; range, 15e52 years) and healthy (ASA
PS I). Orthognathic surgery was performed after body growth
ceased. Orthognathic procedures, such as BSSRO, have been well
established. The patients were subjected to uniform surgical inva-
siveness. Postoperative pain after BSSRO has been reported to beFig. 2. Association between the rs1465040 SNP (TT þ TC, n ¼ 63; CC, n ¼ 48) and total
24-h postoperative analgesic requirements in patients who underwent major open
abdominal surgery for cancer. The amount of analgesics used was converted to an
equivalent amount of fentanyl. The data are expressed as box and whisker plots. The
upper and lower ends of the boxes represent the 75th and 25th percentiles, respec-
tively. Whiskers represent the 90th and 10th percentiles. The median is depicted by a
solid line in the box. ManneWhitney U-test, *P ¼ 0.036.
Y. Aoki et al. / Journal of Pharmacological Sciences 127 (2015) 391e393 393more intense than after soft tissue surgery (13). These patients had
no preoperative pain (e.g., inﬂammatory pain) and similar levels of
postoperative pain; therefore, they were deemed to be suitable
subjects to investigate the factors that inﬂuence postoperative
analgesic requirements. The malignant intestinal tumor patients in
the ROA group were older than the orthognathic patients in the TD
group. The patients in the ROA group underwent surgery to remove
malignant intestinal tumors (e.g., stomach cancer, s-formed colon
cancer, and rectal cancer), and the stage of invasion varied from
mild to severe. Thus, the patients were subjected to non-uniform
surgical invasiveness. Furthermore, a signiﬁcant difference be-
tween the TD and ROA groups was nociceptive neurotransmission,
in which orofacial and abdominal pain is transmitted via the tri-
geminal ganglia (TGG) and dorsal root ganglia (DRG), respectively.
Intriguingly, the association between the rs1465040 SNP and
postoperative analgesic requirements in the TD group was
conﬁrmed in the ROA group, although several aspects of the TD
group (e.g., age, physical status, disease, surgical method, and signal
transduction) were different from the ROA group.
TRPC3 mRNA has been reported to be localized in a subpopu-
lation of small- and medium-diameter neurons in the rat TGG and
DRG (14). The expression of TRPC3 mRNA in the mouse TGG and
DRG from C1 to S1 (seven cervical segments, 13 thoracic segments,
six lumbar segments, and the ﬁrst sacral segment) was reported to
be the highest among TRPC subfamilies (15). Additionally, TRPC3,
together with TRPC6, has been proposed to be a component of a
mechanotransduction complex in sensory neurons (10). Although
no direct link has been conﬁrmed between TRPC3 channels and
opioid sensitivity, we posit that postoperative analgesic re-
quirements in both the TD and ROA groups were inﬂuenced by the
rs1465040 SNP, possibly because the TRPC3 channel may function
as a nociceptor in the TGG and DRG.
The present ﬁndings may contribute to adequate postoperative
pain relief in individual patients. Although more research on the
genetic factors that inﬂuence opioid sensitivity is necessary, post-
operative analgesic requirements may be predicted before surgery
by analyzing the TRPC3 SNP, together with other polymorphisms in
the genes that are reportedly associated with opioid sensitivity,
such as OPRM1 and GIRK2 (5,11).
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